Organopolymeric and organosilicon heterochain complex-forming sorbents containing aliphatic thioether or (and) weakly basic amino groups or the complex selective analytical groups are highly effective sorbents for selective recovery and concentration of noble metals. They are characterized by high values of distribution coefficients and sorption capacity for noble metals owing to high concentration of functional groups in the polymeric chain (Table 1 , 2). The mechanism of sorption of some noble metals from hydrochloric (Pd (II), Pt (IV), Rh (III), Au(ΙΙΙ)) and nitric (Pd (II), Ag (I)) solutions by heterochain sorbents of net, linear and cyclic structure is discussed. It was shown, that mechanism of the interaction of metals ions with functional groups of sorbents and the type of generated sorption complexes are defined by the nature of electron-donor atoms and the metal, by the structure of the functional groups and their state depending on the acidity of solution, by equilibrium of complexation and hydrolysis of complex metal forms in solution as well by the composition of solution. Selectivity and the rows of sorption affinity of S-; S,O-and S,N-containing sorbents are in agreement with the concept of hard and soft acids and bases.
Introduction
The sorption by complex-forming sorbents (CS) is a perspective hydrometallurgical method of concentration and separation of noble metals in industrial and analytical practice.
1−4 Among CS's studied at the present time weakly basic anion-exchangers, CS's with thioether and also S,Ncontaining functional groups are the most selective toward noble metals. Considerable increase 5 These organosilicon HS's belong to the class of volume-modified silicas 6 and differ favourably from organopolymeric HS's by the absence of swelling in aqueous solutions, by higher thermal stability (the initial temperature of polymer destruction is > 200 O C 5 ( Table 2) ), by higher chemical stability in HCl, H 2 SO 4 , HNO 3 solutions, and by good mechanical properties. These characteristics favor their application in aggressive media. 5 The concentration of functional groups in organosilicon HS's (3.5−4 mmol/g) is below that in organopolymeric ones (Table 2 ), but much higher than in the surface-modified silicas with graft complexing groups (0.2−0.9 mmol/g). This leads to higher values of sorption capacity of organosilicon HS's for noble metals (1.5−3.7 mmol/g) in comparison to the surface-modified silicas (0.1−0.5 mmol/g) and at the identical selectivity considerably extends their usefulness.
3,5,6 Pt(ΙV) 0.6 d -particle size; ρ b -bulk density; ρ tr -true density; T -initial temperature of polymer distraction (TG analysis); E N , E S -content of the N and S atoms in the polymer respectively (elemental analysis); E M -maximum sorption capacity for the metal in HCl solutions, a in HNO 3 solutions, b both in the nitric and in the hydrochloric acid solutions; c content of the thiourea functional groups, mmol/g (elemental analysis)
To define the field of practical application of CS's, and to develop the sorption method for selective concentration of valuable metals besides the physicochemical and sorption characteristics of the sorbent, it is necessary to study the mechanism of interaction of the functional groups of the sorbent with ions of noble metals, with very sorption conditions (temperature, acidity and composition of the solution, phase contact time, etc.). The present review summarizes results of the study of the mechanism of sorption of the row of noble metals from hydrochloric and nitric acid solutions by organopolymeric N-; S,O-; S-; S,N-containing HS's, synthesized and investigated at the Institute of Organic Chemistry (Ufa Scientific Center, Russian Academy of Sciences), as well as organosilicon HS -poly-[N, N ′-bis-(3-silsesquioxanylpropyl)thiocarbamide] (PSTU-3) 5, 7, 8 synthesized and investigated at Irkutsk
Institute of Organic Chemistry (Table 1,2) . Sorption characteristics of HS's have been investigated by batch methods. The limiting stage of sorption kinetics has been determined by the method of sorption from restricted volume of solution. The values of static sorption capacity and concentrations of functional groups are presented concerning the mass of air-dry sorbent. The composition and the type of sorption complexes have been identified by elemental analysis and IR Spectroscopy (200−4000 cm −1 , nujol) of the sorption products in relation to phase contact time, solution acidity and degree of saturation of the sorbent phase by metal ion. All equilibrium sorption isotherms for noble metals (except for Rh (III)) have convex or approximately rectangular form under the optimal conditions of sorption (Table 3) , that testifies to a high sorption affinity and selectivity of HS's toward these metals. Polyfunctional weakly basic (pK a =5.0±0.2) net anionite An was synthesized by the polycondensation of epichlorohydrin (ECH) with diethylenetriamine (DETA) in the medium of benzol−isopropanol (v/v=1:1) using the method 12 at the molar ratio ECH:DETA:NaOH=5:1:5.
According to the data of the functional analysis of anionite An it contains, mmol/g: secondary -0.15, tertiary -5.76, quaternary -1.20 amino groups, as well as OH-groups -4.11. Saturation capacity of An for sorption of HCl is 6.73 meq/g. Thermal stability of An and its chemical stability in solutions of inorganic acids and NaOH, swelling in the aqueous solutions and selectivity toward platinum metals in hydrochloric acid solutions do not yield the relevant characteristics of a commercial analog EDE-10P. Higher specific surface area of An (10 m 2 /g) in comparison with EDE-10P (1−5 m 2 /g), and also the porous structure of its surface (meso-and micropores) in comparison with the gel structure of EDE-10P leads to higher rates of platinum metals sorption by anionite An (Table 4) . Anionite An can be used for selective concentration of micro-amounts of Pd(II), Pt(IV), Rh(III) over a wide range of HCl concentration independent of a saline background, and so for quantitative recovery of these metals from moderately acidic solutions (0.1−3 M HCl) with a low saline background at ambient temperature. Desorption of Pd(II) and Pt(IV) with thiourea solutions is possible ( Table 5 ).The types of sorption complexes of platinum metals in the An phase and the sorption mechanism have been determined with respect to the composition of the solution at room temperature (Table 6 ). In acidic solution (> 0.1 M HCl) secondary and tertiary amino groups of the sorbent are completely protonated, and platinum metals sorption proceeds according to the ion-exchange mechanism with the formation of ionic associates (Equation 1):
where R is symbol of polymer matrix of the sorbent; q=4 for Pd(II), q=6 for Pt(IV), Rh(III complexes with the fragments of a polymeric network 1 or 2 is possible too. The change of the mechanism of the sorption of Pd(II) and Pt(IV) from anion-exchange to complex-forming with the decrease of solution acidity below 0.1 M HCl leads to the rise of diffusion resistance of sorbent phase because of the formation of anchored non-ionizing sorption complexes of the replacement type with free amino groups. This is confirmed by the decrease of sorption rate and by the change of limiting stage of sorption kinetics from both external and intraparticle diffusion to just intraparticle diffusion (Pt(ΙV), Table 4 ). Polyhydroxymacrothiocyclane (PHMTC) has been prepared by alkaline hydrolysis of Clcontaining macrothiocyclane -cyclooligomeric adduct of 4-vinyl-1-cyclohexene and sulfur dichloride. 15 PHMTC is a macrothiocyclane a type of crown-ether, containing hydroxyl groups as substituents (Table1). Under the complexing sorbents classification based on the Pearson concept of hard and soft acids and bases (HSAB), 16 S-containing PHMTC is a soft electron donor polyligand. The reciprocal arrangement of sulfur donor atom and aliphatic alcohol group in the elementary unit of the macrocycle favours the formation of a strong five-membered S,Ochelate ring with a soft transition metal ion. According to HSAB S-containing complexing sorbents are more soft Lewis bases, than weakly basic anionites, and differ from the above by having major affinity and selectivity toward soft ions of noble metals. Common faults of the sorbents with aliphatic thioether groups are slow kinetics and nonreversible sorption of noble metals ions. 2 PHMTC is effective for quantitative recovery of Ag(I) at ambient temperature in a wide region of HNO 3 concentrations from solutions with moderate saline background ( Table 5 ). The selectivity of PHMTC is similar to that of sorbents with aliphatic monothioether groups and is in agreement with HSAB. 2 PHMTC differs from sorbents with styrene-divinylbenzene matrix and graft aliphatic thioether groups by a six fold higher rate of Ag(I) sorption and by the possibility of quantitative desorption of Ag(I) with complexing agents solutions ( Table 5 ). The value of maximum sorption capacity of PHMTC for Ag(I) in 1.5 M HNO 3 is less, than that of polymethylenemonosulphide (PMS) and is defined by the concentration of S donor atoms (Table  2 ). This magnitude indicates the formation of a sorbent complex of composition Ag:S=1:1. On the basis of the data of IRS and elemental analysis of the equilibrium sorption complexes, generated at various solution acidity, and also on the basis of the dependence of (Table 3 ). The decrease of extraction and sorption constants with temperature increase is characteristic of the interaction of Ag(I) with aliphatic thioether reagents. 2, 17 In neutral and 
Sorption of Pd(II) from nitric acid solutions by polymethylenemonothioether 18
The sorption and complex-forming properties of the known highly selective and effective polymethylenemonothioether (polymethylenemonosulphide, PMS) toward platinum metals in hydrochloric acid solutions have been investigated, described and utilized for development of a series of hybrid methods of the analysis. 2−4 In connection with the need for recovery of Pd(II) from nitric solutions generated by the nuclear fuel cycle and processing of the wastage of electron technique, we have investigated an opportunity of the selective recovery and the mechanism of the sorption of Pd(II) by PMS from nitric solutions with consideration of the equilibrium of hydrolysis and complexation of Pd(II) in a solution. Because of high capability of nitric acid solutions of Pd(II) to hydrolyze, the sorption of Pd(II) has been investigated from solutions of two types in concentration ranges 0.004−0.07 M Pd(II) and 0.04−5 M HNO 3 : freshly-prepared or fresh solutions not-containing the hydrolyzed polymeric and hydroxo forms of Pd(ΙΙ) (ε=100−140 at λ=386−412 nm), and solutions hydrolyzed at a long-lived storage and containing polymeric and hydroxo species of Pd(ΙΙ) (the change of ε from 781 to 198 and λ from 382 to 406 nm upon the increase of the solution acidity from 0.1 up to 5 M HNO 3 ). PMS is perspective for selective separation of Pd(II) from 50-fold excess of the ions of non-noble metals from solutions with a high saline background in a wide region of HNO 3 concentrations (Table 5) at ambient temperature both in static and dynamic conditions of the sorption. Its disadvantages are nonreversibility and slow kinetics of the sorption of Pd(II) ( Table 4 ). The slow kinetics is characterized for extraction and sorption of platinum metals by thioether reagents on the mechanism of the inner-sphere replacement of ligands. 2 The sorption ability of PMS on Pd(II) in fresh solutions is higher, than that in hydrolyzed ones (Table 3) (Table 3) show, probably, identical stoichiometric relationships Pd:S in the sorption complexes generated in both fresh and hydrolyzed solutions. The magnitude of the maximum sorption capacity of PMS for Pd(II), obtained in a fresh 1.5 M HNO 3 solution, corresponds to 0.5E S (Table 2) 
where n=0−2, the mechanism of the sorption of Pd(II) from fresh solutions may be described as follows (Scheme 1):
Scheme 1
To describe the interaction of mononuclear hydrolyzed species of Pd(II) with PMS in strongly hydrolyzed nitric solutions of Pd (II) (< 0.5 M HNO 3 
Scheme 2
While the solvent extraction of Pd(II) by dialkylsulphides results in the formation of an extraction complex [Pd(NO 3 ) 2 S 2 ], the sorption of Pd(II) by polymeric thioether from nitric acid solutions results in the formation of the sorption complexes, whose composition of internal sphere is determined by the equilibria of complexation and hydrolysis in the solution. The coordination of thioether groups of the sorbent to Pd(II) leads to the increase of acidic properties of the coordinated molecules of water, what results in the formation of mixed-ligand -hydroxythioether complexes in the sorbent phase.The sorption affinity of soft polyligand PMS toward some noble metals in nitric solutions (Table 3 ) is in agreement with the decrease of the softness of these ions of metals and is similar to the sorption affinity for hydrochloric acid solutions.
Sorption of Ag(I) from nitric acid and Pd(II) from hydrochloric acid solutions by S,Ncontaining sorbent HS-S,N 19,20
The sorbents with graft aliphatic bidentate S,N-containing functional groups are significantly more effective than complexing sorbents with monodentate thioether or amino groups. The introduction of a sulfur atom into an aliphatic amino group leads to changes in the donor properties of sorption centers and expands the range for concentrating metals. It is supposed, that such S,N-containing sorbents must combine high selectivity toward noble metals in acidic solutions (attributed to the thioether groups) with a rapid sorption of platinum metals at ambient temperature (attributed to amino groups). S,N-containing functional groups can act as ambidentate S-or N-donors or as chelating ligands, when their stereochemistry is favourable for the formation of five-or six membered chelate rings with coordinated ions of transition metals (for example −S−(CH) n −N= at n=2;3). S,N-containing HS's combine high selectivity of functional groups with the high capacity of heterochain polymer toward noble metals. 2 The data on sorption characteristics and the mechanism of the sorption of the ions of noble metals for such HS's are incomplete. A weakly basic linear S,N-containing heterochain polymer HS-S,N (Table 1) has been prepared by the polycondensation of aminoethylpiperazine with formaldehyde (1:3) and H 2 S in dimethylformamide under a current of H 2 S, with agitation over 3 h at 20 0 С. The sorbent is chemically stable in solutions ≤ 11.6 M HCl, ≤ 5 M HNO 3 , ≤ 2 M NaOH. Its thermal ( Table 2 ). The sorption affinity of HS-S,N toward transition metals (Table 3) is in good agreement with the order of the decrease of softness of transition metals cations (the softness was estimated by the magnitude of Klopman's orbital electronegativity 21 ) and reflects an affinity of soft donor atoms of sulfur toward soft ions of metals. This correlates with the increase of solubility of inorganic sulphides of transition metals similarly to the affinity for the sorbents with thiol groups and PMS. 2 The sorption of noble metals and Cu(II) is nonreversible and is accompanied by a destruction of HS-S, N. According to the data from elemental analysis general legitimacy of the sorption of studied metals is the decrease of the relative content of nitrogen in the polymer with the increase of the metal content in the sorption products. The sorption capacity of HS-S,N for Cu(II) has considerable value at the optimal conditions of the sorption (Table 2, 5) . Therefore, the sorbent is effective for selective separation of Cu(II) from transition non-noble metals ( Table 5) С−S and promote the destruction of sorbent, probably by S-dealkylation 22 or hydrolytic decomposition of the co-ordinated ligand similar to the hydrolysis of isothioamides or isothioacetamides with aliphatic substituents co-ordinated through an S atom to Pd(II) or Pt(II). 23 Decomposition leads to a decrease in the nitrogen content and to the formation of mercaptides in the sorbent phase. The sulfur atom of the bound thiol group has two unshared electron pairs and therefore it is capable of the following interaction with electron acceptors. 13 So, the following stage of interaction is the coordination of a thiol group with one another ion of Ag(I), that, probably, leads to the anomalously high capacity of the sorbent for Ag(I), relative to ~2E S ( Table  2 ). Taking into account high ability of thiol ligands to bridge-formation 13, 22 Pd(II) is quantitatively taken with HS-S, N over a wide range of HCl concentrations at ambient temperature. Thus, the sorption capacity for Pd(II) grows from 1 up to 12.5 mmol/g with the rise in HCl concentration from 0.1 up to 4 M and is maintained maximum in the range of 4-8 M HCl. The sorption of Pd(II) from moderately acidic solutions (2 M HCl) under heating at 100 0 C allows one to increase sorption capacity up to maximum. The time of achievement of sorption equilibrium for small initial concentrations of Pd(II) (0.01 М) is about 6 h in the weakly acidic solutions (0.1 M HCl), but in the more acidic solutions (≥1M HCl ) Pd(II) is taken completely for 1 min at room temperature. It allows the use of the sorbent for rapid recovery of Pd(II) from acidic solutions (≥1 M HCl) at ambient temperature. This favourably distinguishes it from PMS, since for the quantitative sorption of Pd(II) by PMS for analytical purposes boiling for 1−2 h is required.
On the basis of the data of IRS and elemental analysis of the sorption products depending on an acidity of medium, contact time and of the dependence of the rate of the sorption of Pd(II) from an acidity of the solution we have assumed two mechanisms of interaction of Pd(II) with functional groups of HS-S, N depending upon the acidity of the medium: The opportunity for interaction of [PdCl 4 ] 2-with donor atoms of thioether sulfur in acidic solutions at room temperature on the mechanism realized for interaction of Pd(II) with PMS on heating in hydrochloric acid solutions 2, 24 and resulting in the formation of the complex transPd(S m ) 2 S 2 isn't exclude. Thus, the acidity of a solution determines the mechanism of the sorption, composition of interior coordination sphere of sorption complexes, the value of sorption capacity and the rate of recovery of Pd(II). The destruction of HS-S,N after coordination of metal ions with sulfur atoms occurs under mild conditions and results in the formation of the corresponding mercaptides Cu(II,I), Ag(I), Pd(II). It is known, that the S-dealkylation of coordinated thioether groups in aliphatic monothioethers and aminothioethers proceeds spontaneously only for the complexes of Ag(I) and Au(III), but in the case of Pd(II) heating in dimethylformamide is nesessery. 22 Examples of S-dealkylation of coordinated ligands, containing amino groups in the α-position to the thioether sulfur are absent. Graft aminothioether groups of the sorbents, such as R−NH−(CH 2 ) n −S−R, where n≥2, do not degrade on coordination with platinum metals ions. 
Sorption of noble metals by poly-[N,N'-bis-(3-silsesquioxanylpropyl)thiocarbamide]
The hydrolytic polycondensation of organosilicon carbofunctional monomers (RO) 3 Si(CH 2 ) n X, where R -alkyl, n≥1, X -ionogenic or complexing group, is a simple and convenient method of preparation of organosilicon sorption materials. One of the most effective and useful S,Ncontaining organosilicon HS -poly[N,N′-bis-(3-silsesquioxanylpropyl)thiocarbamide], or PSTU-3 (Table 1 ,2), has been prepared by the hydrolytic polycondensation of N,N′-bis- [3-(triethoxysilyl) propyl]thiourea at 95-100 0 С in an aqueous medium. 7 The sorption ability of PSTU-3 toward 20 elements has been investigated. Depending upon the acidity of the solution the sorbent interacts with ions of transition metals by complexation, cation-or anion-exchange, and it also shows reducing properties. The sorption properties and selectivity of PSTU-3 are determined by the state of thiocarbamide functional groups and also by the nature and complexed forms of the metal in the solution.
Thiocarbamide functional group has three potential donor atoms capable of coordination with ions of soft transition metals. According to the structure it can act as neutral S-or N-ambidentate
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Page 182 © ARKAT USA. Inc ligand or as S,N-bidentate chelating ligand. Alkyl substituents at the atoms of nitrogen change the electron-donor ability of sulfur atom, as well the reducing properties of thiocarbamide group in comparison with thiourea. 24 Reducing properties of PSTU-3 are relatively higher, than that of PMS. Using the methods of elemental and IRS analysis of sorption complexes the probability of reduction of Au(III) up to Au(I) and Pt(IV) up to Pt(II) in the phase of PSTU-3 has been established, when these metals are sorbed from hydrochloric solutions without heating. PMS at ambient temperature reduces up to the lowest oxidation state only Au(III), 26 but reduction of platinum metals (Pt(IV) up to Pt(II), Ir(IV) up to Ir(I), Os(IV) up to Os(II)) occurs only under heating. 24 The mechanism of reduction of Au(III) and Pt(IV) in the phase of PSTU-3 5,7 is explained by the position of thione−thiol tautomeric-equilibrium of thiocarbamide group (Equation 8): Au(I) and Pt(II) reduced up to the lowest oxidation states are more soft Lewis acids, than Au(III) and Pt(IV) 21 and they interact with thiocarbamide groups by inner-sphere replacement.
The reduction of Au(III) and Pt(IV) in the sorbent phase requires in confirming by X-Ray electron spectroscopy. The selectivity of PSTU-3 toward ions of metals is in agreement with HSAB and is comparable to the selectivity of PMS, this characterizes which sorbent as a soft electron-donor reagent. The sorbent does not sorb ions of hard alkaline, alkaline-earth and rare-earth elements. In acidic solutions at pH < 1 the sorbent is highly selective toward Au(III), Ag(I), Hg(II) and platinum metals at the presence of 10 5 -fold excess of heavy and non-ferrous metals (Table 5) .
Thus the efficiency of recovery of noble metals by PSTU-3 (the values of sorption capacity (Table 2) acid and Au(III), Pd(II), Pt(IV) in hydrochloric acid solutions with the thione-form of thiocarbamide groups of PSTU-3, dominated in acidic solutions. 24 The coordination mechanism of sorption of Ag(I) is confirmed by the large time of the achievement of sorption equilibrium (4 h in 0.5 M HNO 3 solution); for Au(III) -by the possibility of desorption only by the solutions of strong complexing agents (Table 5) ; for Au(III) and Pd(II) -by the replacement of two, and for Pt(IV) -four chloride-ions in interior coordination sphere of their chlorocomplexes. The shift of the bound ν(N−H) to the long-wave area on 40−50 cm −1 in the spectra of sorption complexes of Pd(II) and Pt(II) allows us to assume coordination of metals ions on one of the nitrogen atoms of thiocarbamide group. Sorption affinity of PSTU-3 toward soft metals in acidic solutions (Table  3 ) is similar to that for PMS and is characteristic for S-donor sorbents. The theoretical and experimental study of the complexes of thiourea and its derivatives with Pd(II), Pt(II), Pt(IV), show that N,N′-dialkylsubstituted derivatives are coordinated with these metals only on the sulfur atom. 22, 24, 25 Use of radiochemical and spectroscopic methods has established the formation of coordinately-unsaturated surface sorption complexes of Ag(I) with coordination through thione atoms of S in the graft thiourea groups, for the sorption of Ag(I) by chemically modified silica from solutions at pH 10−4 M HNO 3 . 27 So, these publications show a high probability of coordination of noble metals with thiocarbamide groups of PSTU-3 through thione atoms of S.
To establish reliably the nature of coordinated donor atoms and configuration of sorption complexes of noble metals a more detailed study of complexes by the methods of long-wave length IR and diffuse reflection spectroscopy is necessary. In highly acidic solutions thiocarbamide ligands are protonated mainly at the sulfur atom with the formation of sulphonium cation 24, 28 and to a much less degree -with the nitrogen atom. 
Scheme 4
Owing to the probability of formation of thiuronium salts by thiocarbamide groups of PSTU-3 in acidic thiosulphate solutions the sorption of Ag(I) occurs from such solutions both by complex-forming and by anion-exchange mechanisms The high selectivity and efficiency of PSTU-3 toward noble metals, and also possibility of regeneration define the scope of its application in analytical practice and hydrometallurgy. A series of progressive methods for the analysis of Au, Ag, Pd, Pt in various areas have been developed.
Conclusions
The selectivity and mechanism of interaction of the investigated complex-forming HS with ions of noble metals, as well the type of generated sorption complexes are determined by the structure and the state of functional groups of sorbent; by the nature of electron-donor atoms and ions of transition d-metal; by the equilibriums of complexation and hydrolysis of the complex forms of metal in the solution depending on an acidity, saline background and temperature of the solution. Weakly basic porous anionite An differs from thioether HS in smaller selectivity toward Pd(II), Pt(IV), Rh(III) in acidic solutions. It is rather effective for the rapid group concentrating of these metals at ambient temperature under the optimal conditions for the sorption on the anionexchange mechanism. PMS is the most selective toward noble metals in hydrochloric and nitric solutions. Its main disadvantages are the slow kinetics of the sorption of noble metals and necessity of the heating for quantitative recovery of kinetically inert platinum metals. The introduction of weakly basic amino groups into polymeric chain of monothioether (HS-S,N) decreases selectivity of sorbent in acidic solutions in comparison with PMS, but allows rapidly and effectively to uptake acidocomplex anions of platinum metals from acidic solutions at ambient temperature due to the prompt anion-exchange with counter-ions of the protonated amino groups at the first stage of interaction. HS-S,N distinguishes from weakly basic anionites by the possibility of highly selective and effective recovery of Ag(I) by donor atoms of S in a wide range of HNO 3 concentrations. The close locating of N-and S-donor atoms through methylene group promotes the hydrolytic degradation of HS-S,N coordinated through S-atoms with ions of soft metals under mild conditions. This defines the mechanism of sorption of Ag(I) and anomalously high sorption capacity for Ag(I). The separation of N-and S-atoms through the ethylene group is represented optimal and sufficient for the stabilization of the coordinated ligand with conservation of labilizing activity of protonated amino groups and high sorption ability of S,N-containing sorbents.
The rows of the sorption affinity toward ions of soft transition metals are similar in the main for S-and S,N-containing sorbents PMS, HS-S,N and PSTU-3. According to HSAB they reflect an affinity of soft electron-donor atoms of S to ions of soft metals. All investigated sorbents are perspective for application in analytical practice of noble metals. The possibility of regeneration allows to suppose the usefulness of An, PHMTC and PSTU-3 in hydrometallurgy.
